A multicenter study of biopsied oral and maxillofacial lesions in a Brazilian pediatric population Abstract: The aim of this study was to investigate the prevalence of oral and maxillofacial lesions among children from representative regions of Brazil. A retrospective descriptive study was conducted. Biopsy records comprising the period from 2000 to 2015 were obtained from the archives of three Brazilian oral pathology referral centers. A total of 32,506 biopsy specimens were analyzed, and specimens from 1,706 children aged 0-12 years were selected. Gender, age, anatomical location and histopathological diagnosis were evaluated. Descriptive statistics was carried out. Likelihood ratio tests were used to evaluate the association between the categorical variables. The level of significance was set at 0.05. The post-hoc test was used to identify the subgroups that significantly differed from one another, and the Bonferroni correction was applied. A total of 1,706 oral and maxillofacial lesions were diagnosed in pediatric patients, including 51.9% girls. Oral mucocele was the most prevalent reactive/inflammatory lesion (64%). The most commonly affected sites were the lips (34.5%) and mandible (19.9%). A significant association was observed between age and the group of lesions of the oral cavity (p < 0.001), and between age and anatomical location (p < 0.001). Pediatric oral and maxillofacial lesions were frequent and showed wide diversity, with the prevalence of mucocele. Knowledge of oral lesions is important for pediatric dentists worldwide, since it provides accurate data for the diagnosis and oral health of children.
Introduction
Children represent the future, and ensuring their healthy growth and development should be a major concern of all societies. Newborns and children are vulnerable to malnutrition and infectious diseases, many of which can be effectively prevented or treated. It is estimated that 43% of the pediatric population younger than 5 years in low-and middle-income countries (249 million) are at risk of not reaching their developmental potential.
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The current estimated population of Brazil is 207 million inhabitants, 14 .3% of which are children younger than 10 years. The proportion of children has decreased over a period of 15 years from 19.9% (in 2000) to 14 .6% (in 2016).
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The average global birth rate has fallen by half since 1970. Forty years ago, each woman had 4.7 children, whereas the current average is 2. 5 . 3 In view of this decline in natality, the pediatric population must not be neglected, because it represents the future world population. For this reason, the number of new cases of biopsied oral lesions in this population deserves the attention of public health policies, so that these lesions can be diagnosed and treated early to promote the quality of life of this population.
The world population is expected to reach 9.7 billion by 2050.
3 This increase is accompanied by a high incidence of oral and systemic diseases. Studies on the epidemiology of oral lesions, based on biopsies obtained worldwide from pediatric patients, have detected a frequency of such diseases, ranging from 5.2% to 12.8% of the total number of biopsies. 4, 5, 6, 7, 8 Martins-Filho et al.
9 evaluated 4,690 oral biopsies, 564 from children, and found a variation in the prevalence of oral lesions, including a relationship between age and sex. Nevertheless, the number of epidemiological studies on pediatric patients is still limited, and further information is needed and important. 9, 10 The interest in the health of pediatric patients has encouraged new scientific studies. 9, 11, 12, 13, 14, 15, 16, 17, 18, 19 In this respect, epidemiological studies based on the histopathological records of oral and maxillofacial biopsies have provided more accurate and conclusive data. 4, 5, 7, 8, 9, 12, 13, 14, 19 The objective of the present study was to determine the prevalence of oral lesions in pediatric patients, by evaluating the biopsy records of oral and maxillofacial pathology centers located in different regions of Brazil.
Methodology Study design and ethical issues
In a retrospective study (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , 32,506 histopathological records of oral and maxillofacial biopsies were analyzed. The records were obtained from three oral diagnostic referral centers in Brazil: 
Sample
A total of 1,706 biopsy records were collected from patients aged 0 to 12 years. The oral and maxillofacial lesions were analyzed regarding gender, age, anatomical location, and histopathological diagnosis. The patients were stratified by age (0-4, 5-8 and 9-12 years) to evaluate the distribution of lesions according to developmental stage (preschool, school age, and preadolescence). The anatomical sites involved were divided into gingiva, lips, maxilla, mandible, palate, floor of the mouth, tongue, cheek mucosa, and extraoral site. Exclusion criteria were the lack of information on age, gender or histopathological diagnosis.
Benign and malignant tumors were classified according to the 2017 classification of the World Health Organization. 20 Other lesions were classified according to the Textbook of Oral and Maxillofacial Pathology. 21 The histopathological diagnoses were categorized as follows: infectious diseases (group 1), benign neoplasms (group 2), malignant neoplasms (group 3), immune diseases (group 4), reactive/inflammatory lesions (group 5), odontogenic and non-odontogenic cysts (group 6), pigmented lesions and calcifications (group 7), potentially malignant oral disorders (group 8), and non-neoplastic bone lesions (group 9).The cases were analyzed by three independent oral and maxillofacial pathologists with over 20 years of experience. Immunohistochemical analysis was performed when routine staining (hematoxylin-eosin) was not sufficient to establish the final diagnosis of the lesions.
Data analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS) software, version 17.0 (SPSS Inc., Chicago, IL, USA), and descriptive statistics was also carried out. Likelihood ratio tests were used to evaluate the association between the categorical variables. The level of significance was set at 0.05. The post-hoc test was used to identify the subgroups that significantly differed from one another. The Bonferroni correction was applied, and the level of significance was set at 0.002.
Results
A total of 32,506 patients were diagnosed with oral and maxillofacial lesions at the centers studied; 1,706 (5.2%) of these patients were 0 to 12 years old. Among the cases selected, 21.0% (n = 358) were from the University of Pernambuco, 55.7% (n = 951), from the Federal University of Minas Gerais, and 23.3% (n = 397), from the Federal University of Pelotas.
The female gender corresponded to 51.9% (n = 885) of the cases. The highest frequency of lesions (60.7%) was observed in the 9-12-year age group. The lesions affected different sites, the most common of which were the lips (34.5%), mandible (19.9%), and maxilla (13.5%) ( Table 1) .
The most prevalent groups were reactive/ inflammatory lesions (51.8%) and odontogenic and non-odontogenic cysts (21.3%). The most common oral lesions within each group were infectious diseases: verruca vulgaris (89.2%); benign neoplasms: odontoma (26.6%); malignant neoplasms: squamous cell carcinoma (17.4%); immunological diseases: graft-versus-host disease (66.7%); inflammatory/ reactive lesions: mucocele (64%); odontogenic and non-odontogenic cysts: dentigerous cyst (40.8%); pigmented and calcified lesions: melanocytic nevi (55.5%); potentially malignant oral disorders: actinic cheilitis (50%); and non-neoplastic bone lesions: benign fibro-osseous lesions (31.5%) ( Table 1) .
Among the neoplasms diagnosed in pediatric patients, 16.9% were benign tumors and 1.3% were malignant neoplasms. The most prevalent benign neoplasms were odontoma (26.6%), squamous cell papilloma (14.5%), and ameloblastoma (7.6%). Although not common in children, different histological types of malignant neoplasms were diagnosed: oral squamous cell carcinoma (n = 4), adenocarcinoma, NOS (n = 3), mucoepidermoid carcinoma (n = 3), Langerhans cell histiocytosis (n = 3), rhabdomyosarcoma (n = 2), Burkitt's lymphoma (n = 2), leiomyosarcoma (n = 2), primitive neuroectodermal tumor (n = 1), malignant histiocytoma (n = 1), small-cell carcinoma (n = 1), and acute lymphoblastic leukemia (n = 1).
A significant association was observed between age and the lesion groups studied (p < 0.001), and between age and anatomical location (p < 0.001). No significant result was obtained for age and gender (p = 0.391). Children aged 0-4 years had a significantly lower frequency of benign neoplasms (p = 0.001). Individuals aged 5-8 and 9-12 years had a significantly higher frequency of inflammatory/reactive lesions than individuals aged 0-4 years (p < 0.001), and children aged 9-12 years had a significantly higher frequency of odontogenic and non-odontogenic cysts (p < 0.001).
The frequency of lesions on the lips was significantly higher in children aged 5-8 and 9-12 years than in those aged 0-4 years (p < 0.001). Lastly, children aged 9-12 years showed a significantly higher frequency of diseases in the maxilla than individuals aged 0-4 and 5-8 years (p = 0.001) ( Table 2 ). Brazilian studies involving pediatric patients conducted in different regions of the country have found variations in geographic distribution, prevalence, age, group, period of data collection, number of lesions and malignant lesions (Table 3 ).
Discussion
The prevalence of different oral lesions has been reported over the years. 6, 14, 15, 17, 18, 19, 22, 23, 24, 25, 26, 27, 28, 29 There are only three multicenter studies similar to the present one that analyzed data from different cities to establish Brazil's pediatric epidemiological profile. 9, 13, 15 In retrospective epidemiological studies of oral lesions from children's biopsies, there was no consensus regarding the classification of oral lesions into groups and subgroups, age groups, or the anatomical sites involved. There is no agreement between studies because of the lack of a standardized pediatric age range, and because the studies did not use the same international classification of oral lesions.
6,9,23 Despite However, the advantage of histopathological studies is that this approach is more accurate than a clinical diagnosis, which, albeit very important, is unable to establish the final diagnosis in many cases. 12, 23, 24 In the present study, the prevalence of oral lesions in children was 5.2%, whereas this prevalence ranged from 5 to 8% in other studies. 16, 19, 23 This variation is probably related to differences in the study design, including the study duration, a higher age limit, the demand for healthcare, the geographic region, and culture of the country. 12, 13, 14, 16, 17, 18, 19, 22, 27, 28, 29 Most studies have reported a higher frequency of oral lesions among female patients 8, 11, 13, 17 , whereas others have found a higher frequency among male patients. 9, 12, 16 A similar occurrence of oral lesions in both male and female patients was observed in the present study.
Age stratification was performed to demonstrate the distribution of diseases according to different age groups. The results showed that children in the preadolescent stage are more exposed and more susceptible to developing oral lesions than those of preschool age, thus explaining the higher incidence of oral and maxillofacial lesions in this stage, and confirming the data reported about Brazil as a developing country. The frequency of oral lesions was higher in the 9-12-year age group. Jaafari-Ashkavandi and Ashraf 18 also observed a higher frequency of lesions at a pediatric age approaching 12 years. The rapid development of children and adolescents affects the growth potential of neoplasms and cysts, in addition to rendering this population more susceptible to developing inflammatory lesions. 28 This phase is characterized by intense odontogenic activity, a fact that maybe related to the occurrence of numerous lesions.
A total of 51.8% of the children were diagnosed with inflammatory lesions, particularly mucocele, pyogenic granuloma and ranula, and 289 (16.9%) children were diagnosed with some type of benign neoplasm, the most prevalent of which were odontomas, squamous cell papillomas and ameloblastomas. The frequency of cysts was higher than that of benign neoplasms; 363 (21.3%) children had some cystic lesions, the most common being dentigerous cysts, odontogenic cysts, NOS, and radicular cysts. These data show that the group of cysts of the oral cavity, especially dentigerous cysts, are prevalent in the 9-12-year age group. Cysts are usually associated with the lower third molars and upper canines, and the treatment method chosen should take into consideration the age of the patient and the stage of rhizogenesis of the tooth involved. 21 The oral and maxillofacial lesions diagnosed involved different anatomical sites. The lips were the most commonly affected site, representing 34.5% of the lesions, a finding also reported in other studies. 12, 13, 16 The high incidence of mechanical traumas, such as chronic lip biting, cheek suction and parafunctional habits, is related to the occurrence of the diseases mentioned above.
Inflammatory/reactive lesions such as mucocele and ranula are the most prevalent lesions in childhood 7, 9, 11, 12, 13, 14, 23 , and were the most common in all age groups studied. Oral mucocele is a benign lesion of the salivary glands, whose etiopathogenesis is commonly associated with parafunctional habits and traumas. A female predilection has been reported, and the most commonly affected site is the lower lip. 8, 11 Cysts were the second most prevalent lesions in this study. According to Prockt et al.
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, cysts account for 7-13% of all lesions diagnosed in the oral cavity, and show a predilection for the maxilla. However, in the present study, the frequency of cysts was 21.3%, and the mandible was the most affected site. Dentigerous cysts were the most prevalent lesions of this group, followed by the histopathological diagnosis of odontogenic cysts, NOS. Although the accurate diagnosis of odontogenic cysts is based on clinical, radiographic and histological findings, this information is not always available to oral pathologists. 24 The prevalence of periapical lesions could be underestimated, since some specimens, such as radicular cysts, which accounted for 14.9% of cystic lesions in the present study, are usually not submitted to histologic examination. 9 Zuñiga et al. 19 found radicular cysts to be the most prevalent cystic lesions, probably because of the more advanced age (0-16 years) of the pediatric population studied. This finding may be explained by the high prevalence of dental caries and unsatisfactory oral health conditions, unfortunately still common in less developed countries. 6 The third most prevalent group in this study were benign neoplasms, which comprise a heterogeneous group of pathological disorders characterized by histopathological variations and distinct clinical behaviors. 18 The diagnosis of most neoplasms is based on histopathological analyses using conventional staining techniques. However, in some situations, specific techniques such as immunohistochemistry are necessary. Fortunately, many of these lesions, especially ameloblastomas and odontogenic myxomas, are benign. 28, 29 In the present sample, odontoma was the most frequent neoplasm, as also reported in other studies. 8, 9, 12, 18 These lesions are mixed epithelial and mesenchymal tumor-like malformations (hamartomas) composed of hard and soft dental tissue. 20 Odontomas are mainly diagnosed in children, adolescents and young adults, and show no gender predilection. 9 In our sample, 53 patients were diagnosed in the 9-12-year age range. In this study, the frequency of this disease in the Brazilian population corroborates the findings of Soluk Tekkesin et al. 31 from Turkey, who diagnosed 160 odontomas, 36.8% of which were in the pediatric population.
The most common non-neoplastic bone diseases were benign fibro-osseous lesions. Their diagnosis is challenging and established by combining clinical and radiographic data, which due to histopathological similarities may yield confusion and be difficult to differentiate from other lesions. 32, 33 These lesions present a wide range of biological behaviors, calling for individually tailored treatments to be considered. 33, 34 In the present study, these lesions were more frequent in the maxilla of girls aged 9 to 12 years, in contrast to study reports in the literature, except for the age range. 33, 35, 36 In addition, approximately one out of every 100 children was diagnosed with a malignant neoplasm, and four of the 23 cases of these neoplasms were oral squamous cell carcinomas. The mean age of patients with malignant neoplasms was 7.0 years, and that of patients with squamous cell carcinomas was 7.2 years. This lesion is uncommon in this age group; however, some studies have reported similar findings of carcinomas in the child population. 8, 23, 27 Smoking and alcohol consumption are factors predisposing to this type of cancer, which may also be associated with human papilloma virus (HPV) infection. 37 However, none of the children in the present sample had a history of smoking or consumption of alcoholic beverages, or a medical history of HPV. Thus, in the current case, other etiologic factors, such as nutritional deficiencies, viruses, sporadic mutation, and passive smoking could be associated. 26, 38, 39 Passive smoke exposure in children contributes significantly to morbidity and mortality. 39 Exposure to environmental tobacco smoke has been found to be associated with the early development of respiratory diseases, behavioral problems, and an increased risk of childhood cancer.
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The prevalence of oral lesions seems to depend on different additional factors. Economic status has an influence on self-care health attitudes. For example, some patients may be reluctant to undergo a biopsy or to accept its importance. The prevalence of oral lesions may differ among patients from different regions of the world, as well as between males and females, and these differences should be further investigated.
Conclusions
Mucocele was the most frequent disease. Our findings add to the literature on pediatric oral and maxillofacial lesions. The knowledge of oral diseases obtained from biopsy records is important for dentists in general, pediatric dentists and clinicians worldwide, since it provides accurate data for the diagnosis and oral health of pediatric patients. The notification of malignant neoplasms is important for devising preventive measures and making an early diagnosis, as well as for more favorable prognoses, leading to more effective treatments for the population.
